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Abstract 
The Fe3Al-TiB2-Al2O3 composite was prepared by self-propagating high-temperature synthesis (SHS) from FeTiO3-
B2O3-Al system. The standard Gibbs energy minimization method was used to calculate the equilibrium compositions 
of the reacting species. The effects of applied pressure of preform at 60, 80 and 100 MPa and milling duration of 
precursors on result products were studied. The result products were characterized by X-ray diffraction (XRD) and 
scanning electron microscopy (SEM) with energy dispersive X-ray spectroscopy (EDX). The optimum result was 
obtained when 100 MPa pressed preform and milling duration of 1.5 hr was used. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 
Iron aluminides have the merits of low density, relatively low-cost, good wear resistance, and excellent 
corrosion resistance in oxidizing and sulfidizing atmospheres at high temperature attract people attention 
for their potential applications [1]. 
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Nomenclature 
Tad adiabatic temperature  
G  the total Gibbs energy for the system 
giq the standard molar Gibbs energy of the species i at  P and T 
ni the molar number of species i 
Pi the partial pressure of species i 
Xi the mole fraction of species i 
Ji the activity of coefficient of species i 
 
It is well-known that reinforcement of metals, including intermetallic alloys with ceramic phases to 
form a metal-matrix composite can improve their high temperature strength [2]. 
Alumina ceramics have attracted much attention for both electronic and structural applications; their 
low fracture toughness, however, is an obstacle to be overcome. Until now, making composites by adding 
various toughening agents such as whiskers or particles has been the most common way to toughen or 
strengthen alumina. Using TiB2 particles as a dispersed phase has been proved effectively in 
strengthening alumina. Also, the high hardness ( ~ 3300 kgf ram-2) and good thermal conductivity (30 
Wm-1qC-1) of TiB2 make the A12O3/TiB2 composite an excellent cutting tool material [3]. TiB2 is also well 
known for its high hardness and outstanding tribological properties. It’s hardness (3400 HV) is greater 
than the more commonly used WC (2000 HV) and is almost as high as that of SiC (3500 HV) 
Furthermore, it has a high thermal conductivity (~110Wmí1 Kí1 at 25qC) and a significantly lower 
coefficient of thermal expansion than steel (~13×10í6 Kí1 for steel and ~7.2×10í6 Kí1 for TiB2). Thus, 
steel-matrix composites with TiB2 as the reinforcing phase have increased stiffness, hardness, and wear 
resistance, along with reduced coefficient of thermal expansion and only a moderate decrease in thermal 
conductivity properties [4].  
Development of efficient and energy-saving technologies is of great importance today. Self-
propagating High-temperature Synthesis (SHS) is a relatively novel and simple method for making 
certain advanced ceramic, composites and intermetallic compounds. This method has received 
considerable attention as an alternative to conventional furnace technology. The SHS is based on systems 
able to react exothermally when ignited and to sustain them to form a combustion wave. The temperature 
of the combustion can be very high (as 5000 K) and the rate of wave propagation can be very rapid (as 25 
cm/s) [5]. 
 In the present study, the Fe3Al-TiB2-Al2O3 composite was prepared by self-propagating high-
temperature synthesis (SHS) from FeTiO3-B2O3-Al system. The standard Gibbs energy minimization 
method was used to calculate the equilibrium compositions of the reacting species. The effects of applied 
pressure of perform at 60, 80 and 100 MPa and milling duration of precursors on result product were
studied.  
 
2. Experimental
The raw materials used in this work were FeTiO3 (Sinrae SaKorn Co.,Ltd.,), Al (Himedia 
Laboratories, 99.7 %), and B2O3 (Aldrich, 99 %) powders. The experimental setup used in this work is 
schematically represented in Fig. 1. It consisted of a SHS reactor with controlled atmospheric reaction 
chamber and tungsten filament connected to power source through current controller which provides the 
energy required for the ignition of the reaction. Reactant powders were weighted as stoicheometric molar 
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ratio of FeTiO3: B2O3:Al = 1:1:4.33 and mixed in planetary ball-milled (Fritsch GMBH, Pulverisette 6) 
with the speed of 250 rpm for 0.5, 1, and 1.5 hr. The obtained mixture was uniaxially pressed to form 
cylindrical pellets (25.4 mm. diameter and about 25 mm high) of preform at 60, 80 and 100 MPa  with 
green density in the range of 60-65% of the theoretical value. Green sample was then loaded into reaction 
chamber of SHS reactor. The reaction chamber was evacuated and filled with argon gas at the pressure of 
0.5 MPa. This operation was repeated at least twice in order to ensure an inert environment during 
reaction revolution. The combustion front was generated at upper sample end by using of a heated 
tungsten filament. Then, under self-propagating conditions, the reaction front travels until reaches the 
opposite end of the sample [6]. 
 
 
 
Fig. 1. Sehematic of experimental setup for SHS [6]. 
 
The obtained products were characterized in terms of chemical composition and microstructure by 
XRD (PHILIPS with Cu KĮ radiation) and SEM (JEOL, JSM-5800 LV) analyses with energy dispersive 
X-ray spectroscopy (EDX). 
  
3. Results and discussion 
3.1 Thermodynamic Analysis 
Thermodynamic calculations for equilibrium concentration of stable species produced by SHS reaction 
were performed based on the Gibbs energy minimization method [7]. The evolution of species was 
calculated for a reducing atmosphere and as a function of temperature in the temperature range of 0-
3000qC. Calculations assume that the evolved gases are ideal and form ideal gas mixture, and condensed 
phases are pure. The total Gibbs energy of the system can be express by the following equation: 
 
G = ¦ni(g iq  + RTlnPi) + ¦nig iq  + ¦ni(g iq  + RTlnxi + RTlnJi)                                                      (1) 
               gas                         condensed   solution 
 
In this study, FeTiO3, B2O3, and Al were used as precursors for the SHS reaction. The overall reaction 
can be expressed as shown in Eq. (2). 
 
FeTiO3(s) + B2O3(s) + 4.33Al(s) = 0.33 Fe3Al(s) + TiB2(s) +2Al2O3  , Tad = 2358.4qC          (2)                       
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The equilibrium compositions of the FeTiO3 -B2O3-Al system was calculated using HSC® program [7] 
shown in Fig 3.  
From thermodynamic calculation accepting that, the reaction can be a self-sustained manner due to its 
exothermic character, when the adiabatic temperature of the reaction is higher than 1800qC [8]. 
Calculations have shonws the adiabatic temperature of this reaction system is higher than 1800qC. 
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Fig. 3. Equilibrium compositions of  FeTiO3- B2O3-4.33 Al system in Ar gas atmosphere 
 
 
 
3.2 Effect of Particle Size and Compaction of Green Pellets. 
Effect of milling duration of precursors on particle size distribution was shown in Fig. 4(a). When 
milling time increasing from 0.5 hr to 1.5 hr decrease from dm = 15.43 m to dm = 7.26 m and the one 
peak particle size distribution become there peaks. The smaller particles help promoted better heat 
conduction that resulted in increasing combustion wave (VC) as shown in Fig. 4(b). Both better heat 
conduction and higher combustion front speed provide less energy and shorter time for grain growth that 
resulted in smaller grain size of the product as can be seen in Fig. 6. 
The compactation of the green powders plays an important role in the combustion synthesis reaction. 
The compact ability of the system depends directly on the properties of the materials such as hardness and 
strength. If the particles are not very hard they have a higher degree of compaction. Generally the large 
particles produce a higher packing density and exhibit higher density at all compaction pressures, the 
small particles are more difficult to compact [5]. A wide particle size distribution will increase the density 
at any compaction pressure are listed in Table. 1.
Table 1. Parameter of pressure, milling time, gren density, and velocity of combustion wave  
        Pressure (MPa) Milling time (hr) Velocity of combustion wave, VC  
(mm/s) 
60 
 
 
80 
 
 
100 
0.5 
1 
1.5 
0.5 
1 
1.5 
0.5 
1 
1.5 
0.45 
0.52 
0.57 
0.45 
0.51 
0.58 
0.5 
0.53 
0.63 
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(a)                                                            (b) 
Fig. 4. (a) Particle size distribution of precursors at milling duration of 0.5, 1, and 1.5 hr. (b) combustion front speed at compacted 
of 80 MPa; milling time 1.5, 1 and 0.5 hr 
 
 
3.3 Synthesis of  Fe3Al -TiB2-Al2O3 Composite 
 
 Figure 5 shows the XRD patterns of  Fe3Al-TiB2-Al2O3 composites produced in the FeTiO3-
B2O3-4.33Al system. It’s showing that the main components of all obtained products are Fe3Al, TiB2, and 
Al2O 3. SEM micrographs in Fig. 6 shows the interparticle cohesion within agglomerated particles.  
  
 Figure 7 presents the results of X-ray mapping of the product cross-section. It shows the 
presence of Fe3Al-TiB2 well mixed surrounding Al2O3. The EDX pattern of the elements in a product 
sample (Fig. 8) confirms the presence of the main elements O, Al, Ti, and Fe. 
 
 
  
 
 
Fig. 5. X-ray diffraction patterns of SHS products 
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(a)                                                                                         (b) 
 
      
(C) 
 
Fig. 6. SEM micrograph of the SHS products from FeTiO3-B2O3-4.33Al system at different milling time (a). 1.5 hr (b). 1 hr and (c) 
0.5 hr 
 
Fig. 7. X-ray mapping of a typical product 
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Fig. 8. EDX spectrum of the SHS products from FeTiO3-B2O3-4.33Al system 
 
 
4. Conclusions
The Fe3Al-TiB2-Al2O3 composite powder was successfully synthesized via self-propagating high 
temperature synthesis from the reactants of FeTiO3 -B2O3-Al system with molar ratio of FeTiO3:B2O3:Al  
= 1:1:4.33. As increasing the milling time, the particle size decreased. The smaller particle promoted 
higher combustion wave speed. The optimum result was obtained when 100 MPa pressed perform and 
milling duration of 1.5 hr were used. 
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